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AbstractofJP 10261713 (A) 
PROBLEM TO BE SOLVED: To provide a method 
for manufacturing a semiconductor device that can 
form a fine contact hole with a shape that is vertical 
to a semiconductor substrate. SOLUTION: A fluorine 
plasma ion 17 is applied to an NSG film 12 vertically 
according to a polycrystalline silicon mask 16 
immediately after an etching is started, thus forming 
a contact hole 18 vertically to a silicon substrate 1 1 . 
A reaction product 19 is formed at a side wall layer 
15 due to the decomposition of an etching gas along 
with the progress of etching and the track of ions is 
bent. At this stage, the etching is stopped and an 
ashing is performed by an oxide gas. The reaction 
product 19 being formed at the side wall layer 15a is 
removed by the ashing using an oxide plasma ion 
17a and hence the straight-ahead property of the ion 
track is improved.; After that, the contact hole 18 is 
opened by repeating etching and ashing. 
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fjiax y ^ y ^- V ;^ if ^ ffl V m IBf Sf*ii Wfc 

{mm\ MCx .y -;~y ^'■•i^?.ii7 'vmryx-^i 
m/^tthmrnKf-mhti. frier -y y y^-igji 

^'r'7X'?P^.^^ht'6W-m% rc'ifbtih - ^ ar 

[ 3t*«" 3 ] Rtjiax .y f - y ^'vx iia . mmMm 

(c^ LTx 7 f-y /jatRJt*^'S< j&^-^SSIIr/^ X-^m^. 

2 tmo->m^mm.<7ymmm. 

MI£x>yf-y^--7X^liii, -m^B'^V 

^ ym. ±mmmttzimit'^ v ^ yji-c^f)!) ^tm 

[11^115] mr:iy^^>hm.m^moXoi^zmm^ii 
•mmm^z^ .r ^om^ y^^ hmmmti -^y9 7v 

mtmmMi'itizmi^^x^MiBm-^iMt . 
Mfar?3n«^)i^iiij* hWoXd i/zLxWiimico-^x^m 

fjtaS 2(D~^X7M^ miiJ^ ■■■/ -f y 7' \z 1 0 x .y f - y 

mtmmm t ms"^ t v ^x 7 ^y^mmi^tmm 

mmm 2 o^r? X 7m-b-hts:h fflS-B J: imtm 1 (73 -ex 
ii & V X ^ L T fit eTfiatiS J- X V ^1- y L mif BM 
'ny7 7hW^M.i!Zmt^ziy9 9 \-t^-)Vt:mm-hli 

>' 3 y 0 . tuis?iKi± , X D JTM 

[000 1] 

y99 ht^-mf^m^i^mmi^mmmmirmiz 

[0002] 



mmwm 'mmm'mm.\zii\^x\i. mi-wm 

%^[mm^s:.^^Ay)V-M.m%^i\hl!\0^ (Me 
tal Oxide Semi conductor) ^fV H -X^cOjDl^CJoVrC 

vy-yy -^mmi. ]S:^cr)rJU xt^^ yizm^ 

is\ u y < mmzi -yx'^mi^mikmmm^z 
yimf^i-6 y i^x v ^x 9 t;t v ^ 

yyxbvx^^x^l^^^jfet LTtt. 
{agt::ffMtft:L' \-ov^9-y-^A X^: ^ T-/yy 

9"^$^m>ii'kmv-rz § ^zmA^^-rhumm-j tti. 
wyx h vx^ \±wj:mwmmhii 
trii. x-/f-y^"vx^' t \^xmnmm^y'} 

^y-^'^^^h'cmz. i c7)x -y if- y i^'-^x 9^)^9-^ 
y9'LX3^'yf-y^fnmaiBW^fz(0-h. z^^mui 
moxd mmm^ny r? y^^^Mti- r c t i; 0 

mn^^9~yf^ X^MM^l. Lfy6':^)to^ cyrMA^^^ 

ixfzma''^9-y!,z^)t xmum^x- y i~y x ix^y 

99 ht^-)VMMtl1j&-¥$)l. 
[0 003] LcoX '3 '^^-m^kM^y U 3 y^zX ^-7X9 
Iz . MUf^ 9 #3 1 im 1 0 t^TK Uc X '3 J: 0 

imti z b f?x^ 6 . -r^^h-ib .m9 (a) t?sL/i 

Xoi^Z^ CVD (Cheinicai Vapor Deposition ; -ft^W 

mm )'mzx'o. yua ymm 1 0 1 ±t»^s 1 
/^m^^oyy ■ yV'y-h ■ ii'jx (nsg) 11 o 

2 ^ ffM L . ; £7) N S GJll 0 2 htm?// 3 0 0 n m 

m.W)^iiUvy u n yM 1 0 3 ^ mm- 1 » . 'j 
v^-y7i'effi*ffl'oT. m^^Byv:jymi o3(/)± 
im^y9 9 hA>^-ys-#-ri) 7 ^ h i- i-'x m 1 0 

4^0. 3.U mW&<^MW'ttj:l X 0 fc?l^|jjc1"2> . ^(7) 
y^hy yx 1- II 1 0 4 2rx >x f - y i?-TX ^' t L T^IS 
eR.^ u =j y m 0 3 ^ ^:^ttx -y rJ-y'^ii ^tx ^ 
^ y ^- u . * vx b M 1 0 4 ^ ^*-ri. i 

h izX 09 ( b ) Lfc J: 9 1;. ?^ISh1j>- U 3 y 
.110 3 izma 1 0 4 SrffMt ?> . 
[0004 ] m^^X. HI 0 (a ) liZT^LfaXo'C. C 
VDffitiO^JS^S^U^^yMl 03±, l3j;t/fflPl 
0 4(:Sa5tTo73NSGMl 0 2±H. fijiiflffl 

4 0 i-in\(7>m^y^)^ymi o 5S:ffMts. ixc. 
Hio (h) ^znkifzXoi^z^ ni-mx.-yi-yxmm 
'■^^xm^ayv^ymi o s^x-zf-y^-u. mm 

(+;--f F'^^t-;!^) 1 0 5 aSr^Jt-rSo iiU:«X?ii: 
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0 6^Xyf->-^'vX:^t lX=iy9^ 

mx^^o. to {ix.yf-y/ipmeficT^B^^a^i^t-fif 

^.-S. SI 1 (a) lZ7nUzX-ol,z^ x.^yi-y-fm¥ri\M. 
m (t =tc ) tcBv^cii. ^isav-uiiy^:^^ i o 

6 tMoT-< t>;^)^N S GM 1 0 2 [*IA.SfitzAWt-|. 

1 0 1 (Z«Ltl-iI^:ff^'ti:=&'2.. ■^I^^ix-y^y^?'- 
/&WtTt = ti (ti >to ) t^r^fc. HI 1 

(b) tc^L7tJ:3t:^S„ ;£?)li#;^^t-i. ^^yiiN 
S Cxll 0 2 l^^vSltilASt-ri) 3 y ^' ^ b 

/n 0 8iortiM{i^^U3ysKi 0 1 mixm-m 
[00 0 6] ^ hizj^'yi^yy^mnix t - l ^ ( l 

2 >ti ) t^^-St. HI 2 (a) lzJ^Ltz2:diz^ m 

■nis 1 0 5 a.mmmz:c^yi-y^':ff'^(D-mizx ik 

imMm 1 0 7 /&^?FM$^l) . i (^MJEifigita 1 0 7 
mi^izX ^mnthtzt^. JMl fz-^ ^y^mi-v^ 
mf^.-'h.. ay ^9 t-^-zl- 1 0 8<^mmPWoti 

I « i cnmmi H y X 7 f - y 7'60#^ r B# ( t = 1 3 , t 

3 >tj ) tX-mni. Ell 2 (b) tiS^L/tid^cn 

y^i!' ^i^-7n 0 8£0Mi#'>^ y^^'nm (towin 

[ 0 0 0 7 ] H 1 3iiktfm 1 4li. }:M(ry)im;zl ») 

§ 3 y ^ b 1 0 8 [zmmmx% h ^ 
^ni^')nym^m.>sbTk^-iM^m-^i(^'thi>. m 3 

(a) \iZ^.\^fzi.')\zay^^Y^--}V\Qd,^mnh 
fdik. 013 (b) tCTKU^J:^^, cvD^tiiO. 
MiSiH y U 3 y.iS 1 0 3 hfc J;r/3 y ^ ^ b :J^-;H 0 

8 3 0 0 n m^igc?)MJf c^i^MJIi' U 3 y H 1 0 9 

^iTMtl.. =ly^'^^>^-;^•l 0 8id;;n>> 

^y^''?^«t^r'?'CV^^fc^. HI 3 ( b ) \z^.UzX 
^\>z^ ny-^9V^—}V\^^n'^^1^^B^^)^yW.l 

ti. Hi 4 ( a ) (-tT^l/'c i 0 liz^m^i^ u y-M 1 0 

9£'X>yf^-A-7^ffi^;J: DX.yf-y^-'-tl). ^SI'bV'U 

n y|i I 0 9 c?) h^ffl>ii>X >y t y^^'A^ffL. H 1 4 

(b) t:7j^t/sJ:^(:NSGJil 0 2±(?)^l^-^^^y;j 
yMi 0 3x)>m*sn^. 
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fi£?7-L .1 1 ^^f.i'-"; „ (7)tzty . ^igui/ y =j yffi 

1 0 9^x7 f-A- 7^ J: Oliil-^ltt;. ny^9 
h7^-/H 0 8£OJSg|5^;yy nyffifiil 0 l^iffJ^^fiT 
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IMt^ ^ ^; X-a y^9V c^ftllitth r§ D t Srlniii^ 
[0010] 

iz^imm^z^ .KDmay^^hmmizm-iziy^^ 1- 
jF:^.it-t iTMi ^t^^mmmommijmx-^i 

^ ffiS.ii±!.;x >y ^fy^^'-zx ^Mt-Bf^ Uz(r>h . 
C CD x V f- y ^ V X ^ jg ^ ffl V ^ T lei^ig ^ 3i . / 
^y^'fh:!z^v^y^'lM.k. . x -y-t-y^''lgT'±t^c 
RJCM^^il^i'f-s r >y ^'y^-igt . ^ ssi^m ^ 
>^'*^' hzxy^^v xh-./P'i'ffMt I) J; 3 \z Uz i c')T-<fe 
h.-. .i:ix\ x.^yi-y^^-T.mi-i.mHiy-.'mryX-'^ 
i^'n't-r mmuTx-m\ T 7 y y/ifsi«iJi' 

ciio^-^s xvf-y^'^x^JitLTii. 
W LTx -y -f- y ^'■■StKJ:l:*^'»< ^^-^^/^ x'-vitftco 
§4^«*^f>^l>^iEi. f/MK-^feifai-y^yM. ^« 

mmtfz\imY.=^ y ^ yis^fflv ^ 1. ;i t ^^^'t- g= s , 
[0011] wtm\z\%m<^^mimpm^-mtx 
\t. mziy^^ hWMi:mo x 0 mmtitzmm 

z.o-Mziy99 bM«Wi-rS3y3'^' 

Bm-^^^mistj^mwm.'nmm'tkxh ->xrm 
mmcr)±.^zmi crs-^x^miBf^-rixub . mi^^jv 

3!-::LTm 1 0-ex^lS U:m2<^-?;^^l^fM^^ 
T.St , m2ir)vx^'.l«:|l:^'lfx.yf-y^l-J: yx v 
f-y^XT. ^incoWfMiJfflic. ||2c7)-7X^',Jg/jHyjr.s 

m-5 X 0 tcLT, immtmmvv^:^^y^yr&W\ 

t/='ffiiyiS:x>y^^^'L. ifeny^^' \'W&\,zWthzi 

X, miisxim2^^7.9Mh Lxiwmi-nm^^ 
y:jy*fflv\ jfffit Lxiimummmmi^zxm 
y y n yiiit^^ffl v^i> :i t ^^fS I , 
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X 7 ^--^x ^ Jf Sffl wr y ^ ^ h 
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9m^xutm'miznLx%^. tt£hh. if, 

ls^| 1 ( a ) (c^f^ L y:. J; 5 'J ^ ySil 1 1 1.;-: c V 
Wzi. 0 ^liJf 1 u mfi^iOKiS^N S GH 1 2 SrS^^ 
I^L, $ ^>iCf 3 0 0 n mgJKtfOUf:<7)^ 

fe^a^ u 3 yii 3 ^ ?^.it-ri> „ ggv^t . 'J y /5 7 ^ 

n^-y^i^-f^My^ 0. 3!i mnm<^y t b y h 

T . 7 t b y i^;^ Mi 1 4 ^ X if- > / VX t L "C # 

^^iia^ u 3 yi 1 3 &x 7 f- y ^'-r & <i i: t-. iii 

( b ) \>z5r. htz J; a (Cs ^Itnl.^' U 3 ygil 3 t^ifiP 1 
3 a ^ffM1-|> . ^<r>ik. 7 t b l^i^'X bM 1 4 S'FM 
^.IX\ NSGJ112{i2^l&BHfc±3ft?.l6^;i£C 

[0017] UZ. H2 ( a ) ',Z9pLfzX o '',Z. C VD 
ffi^Cct "QfiJiif 1 4 0 nmfimiil^^liJitl^jyU 3y 
,K1 5^ffM-ri>, i^fc. 02 (b) ^3>T^tfcJ;3(:, 
M^ttxyf y/ft«rfflv>x^|gaj^>J ^Jyfiil 5 ^x 
>yf-y/L. M^i^y) c\ymi 3comu 1 3 atfOi^ii] 

nt^iiTO 1 5 a imm-^ < ifiici 0 . -i^j^-iSfiv u 

ay^.x^ 1 6;5^^it1-®, C:c7)i^|£tUiy 'i :?yvx^ 

1 6 i±2^%Pj]iCii Jt^S X V y ^ /iiC^^f.tbri' o 

[00 18] mz. |Sl3t3j;Vlll4Sr#MtT, >J£(0 
J; ')fcLtmtJt^ltH^ByU zjyvx^ 1 6^X7^ 

y^-^x^ t LT N s GM 1 2 s.-)lKWtx>yf-y^" 



iiOil-^Ox^y^y^ldi. Miif^^"^-bnyx 
^ ^ - J; I, S^jtr 7 7;'-7rn^i X Srffl v \ X 7 ^ 
>^"7^/'Xi; tTJiWi.il/v7 v-fLH^S (C4 Fg )/ 
-It-fLK^ (CO) /r/l-rfy ( A r ) ( ) 

^^fl^iX 1 4/1 50/200/5SCC m<75fiJ-^T 
^rS. 4^^, ^^yr<.nW.-))\iS. 3 Pa. l^jf^ 
(RF) M-'frxiil 6OOW. mmilTf'mb^t. 
[ 0 0 1 9 ] H3 ( a ) t^Kb/iJrot;. -JZv^ym 

wmMiy •:'M7°yX'7^ :t y 1 7 //f^SII ^ 3 y? 
X ^ 1 5 T N s GK 1 2 ^^^■-.mm^zXM-i'lfz 
ft , r? y ^ h r|^-/l 1 8 {±y U 3 ySIK 1 1 ^ZM IX 

mmiwMt ti:h , ^■?)f*. ta 3 ( b ) t-^^ l/c i ^ 

i:: , X V ^ y ^'(7)3ltTi; StfflM l 5 a iix - ^y^ 
ffxa)'M^iz X. ■6Rlh':^^Sm 1 9 fi . C fdm 
\zn-^ I tz^) . -f t ycoikMfMlf ^ii^X dlz^j: 

[0020] c7)gi[(g-cx ^ f - y ^"^ '^'i L , , 
114 (a) ^ZTTsLfzi-o^z^mM (O2 ) 7i?xt3j;l,T 
•yi- y^(ashmg ; Klt^S) ^^f "5 . i i?J^-^^?)r 'y 
y y ^'"fcl i . W i V ^-4- b n y X V t ^ - J: i> 
ET^X-^rn-txSrlS^'K T-yyy^^'Tyx^: fC'IM 
/JS'^ ( O, ) /T)V-dy ( A r ) i'^iim 1 0/ 
1 0 0 s c cm£OifJ-^-CMffl-t'&„ St'c. ^-^-y^w 

;F;(i5. 3Pa. RF/^'-frxiieo ow. Btraim 0 

m^tt^^., z.o:)imrvX'7-{i^y\i ai^iSTv 
yy:?-(-;j; [14 ( a) iztv^ltz^o^z. mmmi 5 
a m^^tirzmwm 1 9 io-c-f y 

J; D 7 -y ll7°7Xv^ ?^-y(3J;SX7->y^■■^^TV\ a 

4 ( b ) tTpL^r i 5 !-^|HJMJi 1 5 ^.{zUS&^mH 9 

i}mmti t±m(^^^mzx mmryx-^-(^yiz.i: 
hT-j'^yWi^"^. tLx. j-'f-ryftrv'^yy 

[ 0 0 2 1 ] cicoi ') tc. imwwmzi h^wm 
wmmhmzrriM. »i,yu:2yvx^i esrx 

■y ^ y I?'--? X ^ h L T N S G m 2 ^ X V ^ y ^-1- 1, ^ 

f«Jil SalcEEMf*)! 9im^t^iifzmix: 

7 -y iSr 7 X-/ -f ^ y j; ^ X -y f - yXip ^ Wmr y X 

-?4ty\zxh7^vi^ y^izm o mtxKm^m'^ 1 9 

& ic* LT . BJgx 7 f-y^'-Srff '3 1 V ^ o x v f - y^''^ 
T-yyy^^"«355i?)S'95ILt;J; Dny^^' b^^-;H 

8 ^Pf3Pf I) I 5 i::- L^^^T, 1 5 a^vcr^x 7 f- 
y Xi!7-.(^-)M^z I h K%^]m 1 9 mm * R^iht S 
i -?> , i^OTtft. fc^S^.-jJct) 1 9Ai«^i;j; 0 

LT7^»r-^ ;t ymMmt^iu ay^^^h 

T\ :j y ^ ^ b * -/v- 1 8 co®«*^";bs ^ y t^- h 
<n * m iiT- § & , L X. ^mkcnnyf^Y ffM 
ftS^B#ttoVvc^I5WM§ii^Ct3?)'^:< . ^y^ 



(5) 



#IB^10-2 6 1713 



[0022] imic^mmmmi ms-^mm^wj^ 
m-\,zmh N s ctM 1 2 (DWh o (cm-ftv- y n yn 

IJ n y-7X 7 1 6 ^ ffM Ltd<k. Z co^Sh^ev' U n y 

[00 2 3] ill'. 05 (a) ^■;>T^L;tJ;-5^=. i^Ur? 

yS-^ 1 1 ±cDikffiicM;ti^ 1 2 0 0 n rngEi?)m*^73 

"".Kfti y u :j y )i 2 1 & ffM^ I. » ^ T . C V D 
J; D zifty u 3 y)i2 i ±_!,zmia' soon msit 

cOMJlc^J^Sa^Bi-- U :i >-!! 1 3 mfHtl. ^co'ii. y 
y ^■■■^7 y 4 KWSr ffli ^ISI?, y y 3 ym 1 3 c?3Jigpt^ 
3y:$^^?hA'^'-y^%-fl>Jll¥0. 3juinm&c:>yt 

1 4 ^ X -/f- y^-?x 7 i: LT . ^feffax y 3 y|i 

13sr, Mi.H'ECR (electron cycrotrori resonanc 
e, Vf^-i^'^Y'oy^M) X>yf'\'-^fflV^TX.y 

^y^'-'t. ^S^ff^B>-ynyMi 3t=iflP ] 3a^JBjt-r 

h„ ^co^k. T-/'^yv^zx^ytVu'Jxmi4^ 

miKLfz<Dh.. 05 (b) {Z5plfzX'?i^Z. CVD^t: 

J: hIi ± i r^fini ^ 

m-it-y ■ ^ 1 ■ ( f J In mr * 

a%i-y3 P ^ fijSc 06 a ^ L 

7-r^ ^ ) PI mi 
m^m n P f tBi*i^)^ 1 ^ a 

m^-ti. ^ii'c. m¥B'^v^yi3t3Xvimi 

5a; t ^if^iHi J3 X/16mj£ J 
•5., flg-fL J P2 If t/fC 

^Ic 71+tLL upis 
[0 0 4] V 0b ii f?f/ 

{f 8 0 0-8 5 0 " cmmcr)m.rx'<^»miuzx o . 
-$'Miai^y=3y-7x^' 1 ecomm^zmmi o~2 o n 

mg,lt F m^t J 3 P2 ^Jfdi 

rmn ) )P i -t^B ^ m ft 

[0^ ^( □ 0° u c ^ 
v-yay-exi^l G^x-yf-y^-^x^ t LTZlS^t^ 
y3/P2 larjaffi'] 1 ^' ySlfl 

icr)n ^ b s ^ -f 

-/L-' ma u 0 X 



^, a? (a) fcjd^f^idt:. x^yf-y^miSftSi: 
^SSia^y 3y yX^' 1 Gi^zm-^Xy^y^ryX-^-^-t 

yi}-zm'ity'jziym2i\H^mmizxMthfz^. r? 

y 7 h Tl-^-;H 8 i± y y D ySM i i izM LTSfi^^ 
®«t^r§, ^fz. lc7)t^nmz-m'i\:'^Vzjym2 
2m^tlXV^<, ^(Dm. SI7 (b) tL-i^UciT 

, X .y ^ y /^Oil^f t i: t l 5 a (CX y f - y 

7V/y v?)-7i- jj?;; J; ^ Rjfctbtfli 1 9 ?/ffM $ i'L . -f >■ 

( a ) Lt J; '3 1 . ^ y^ 9 Vir^-n l 8c^±a^i?5 
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